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In-hospital acute kidney injury
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Abstract
Background: Hospital-acquired acute kidney injury is associated with increased mortality and has major public health 
implications. The incidence of in-hospital AKI in Eastern Saudi Arabia is not known. 
Aims: To determine the incidence of in-hospital acute kidney injury in Eastern Saudi Arabia.
Methods: A single centre, retrospective cohort study at a major community hospital between July 2015 and July 2017. 
Results: A total of 26 383 patients were hospitalized and 293 (1.11%) were diagnosed with acute kidney injury. Drug-in-
duced AKI was diagnosed in 38 (13%) patients, while 255 (87%) patients had acute kidney injury not attributed to drugs. Full 
recovery of renal function was observed in 39% and 44% in the drug induced and non-drug induced acute kidney injury 
groups, respectively. 
Conclusions: acute kidney injury is a serious complication in hospitalized patients. Full recovery of renal function was 
observed in a minority of patients. 
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Introduction
Acute kidney injury (AKI) is a major public health con-
cern and is associated with high morbidity, mortality and 
healthcare costs. The incidence of AKI has increased re-
cently, both in hospital and community settings (1,2). It 
is estimated that > 13 million people are affected by AKI 
annually worldwide, with wide geographic variations 
according to countries, regions and economies (1,2). In 
the developed world, AKI manifests mainly in older pa-
tients and in the intensive care unit, while in developing 
countries, adults and women are more commonly affect-
ed (3,4). Despite all the advances in the field, mortality 
of AKI remains high; estimated at 24% in adults and 14% 
in children (2). In addition to the high mortality, hospi-
tal-acquired AKI is associated with high resource utiliza-
tion, prolonged hospitalization, prolonged mechanical 
ventilation, and development of chronic kidney disease 
(CKD) (5). Recovery from AKI is not always, as previously 
thought, complete and many patients progress to devel-
op CKD, end-stage renal disease (ESRD) or worsening of 
pre-existing CKD later in life (6–8). The objective of this 
study was to determine the incidence of in-hospital AKI 
in Eastern Saudi Arabia and to assess the recovery of re-
nal function following AKI. 

Methods
This was a single-centre retrospective cohort study at 
Johns Hopkins Aramco Healthcare (JHAH), a large com-
munity hospital in Eastern Saudi Arabia, between July 
2015 and July 2017. We included 26 383 adult patients 

aged ≥ 18 years. Cases of AKI were obtained from hospital 
discharge records and coded according to the Interna-
tional Classification of Diseases, Ninth Revision, Clinical 
Modification (ICD-9-CM). Etiology of AKI was classified 
into drug induced (DI) and non-drug induced (NDI). DI 
AKI was considered when a nephrotoxic agent was ad-
ministered, and other factors that are known to cause 
AKI such as sepsis, hypovolaemia, hypotension, urinary 
obstruction, major surgery, and administration of intra-
venous contrast agents were excluded. Preadmission cre-
atinine clearance (Cr Cl) was considered as the baseline 
value. Cr Cl was calculated from serum creatinine, age, 
ideal body weight and sex, using the Cockcroft–Gault 
formula (9). Patients with advanced CKD with a baseline 
Cr Cl < 10 ml/min were excluded. Recovery of renal func-
tion was classified into full, partial or no recovery if fol-
low-up Cr Cl was > 90%, 50–90% or < 50 % of the baseline, 
respectively. Follow-up Cr Cl was calculated from serum 
creatinine at the first post-hospitalization encounter or, 
if not available, the last recorded value. 

Baseline and clinical demographics were reported as 
mean (standard deviation), or median and interquartile 
ranges. Categorical variables were reported as numbers 
and proportions. Comparison of the mean values was 
performed using Student’s t test while median values 
were compared using the Mann–Whitney U test. 
Population proportions were compared using the Z test. 
Sex ratios were compared using the χ2 test. P < 0.05 was 
considered significant. Microsoft Excel 2013 was used for 
statistical calculations. 
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Approval for the study was obtained from the 
Institutional Review Board at JHAH.

Results
A total of 26 383 patients were admitted to the hospital 
over the study period, and AKI was diagnosed in 293 
(1.11%). The mean age of affected patients was 68 ± 14.7 
years (range 19–95 years) and the median baseline Cr Cl 
was 43 (27–63) ml/min. DI and NDI AKI were diagnosed 
in 38 (13%) and 255 (87%) cases, respectively. The demo-
graphics of patients with DI and NDI AKI are summa-
rized in Table 1. Full, partial and no recovery was observed 
in 39, 37 and 24% in the DI AKI group compared to 44, 
33 and 23% in the NDI AKI group; P = 0.56, 0.63, 0.89 for 
full, partial and no recovery, respectively. Nonsteroidal 
ant-inflammatory drugs (NSAIDs) were the most com-
mon agents leading to AKI (32%) followed by antibiotics 
(24%) and diuretics (18%). 

Discussion
The aim of this study was to determine the incidence of 
AKI among hospitalized patients at a major community 
hospital in Eastern Saudi Arabia. This is the first study 
to address the issue in this region. Despite all the im-
provement in hospital care, a decline in renal function 
among hospitalized patients remains a significant event 
and is associated with high mortality, prolonged hospi-
talization and high cost (10–12). The reported incidence of 
AKI among hospitalized patients is variable and depends 
on multiple factors including study design, population 
characteristics, definition of AKI, time of reporting and 
geographical location. In our cohort, the diagnosis of AKI 
was made in 1.11% of hospitalized patients. We have used 
the ICD-9-CM coding to identify cases of AKI. ICD-9-CM 
is specific but not sensitive in identifying cases of AKI as 
has been shown in earlier studies (13). Thus, the result of 
our study may underestimate the true magnitude of AKI 
encountered in hospital settings. 

In the United States of America, using the National 
Hospital Discharge Survey database, the incidence of AKI 
was reported at 1.9% in 2001 (12). In an earlier study, Hou 
et al. reported an AKI incidence of 4.9% in 2200 medical 
and surgical inpatients whose medical records were 
reviewed (11). A higher incidence of 7% was reported in a 
tertiary referral centre (10). Unlike community hospitals, 
academic tertiary medical centres provide care to patients 
with greater severity of illness and in whom AKI is more 

likely to develop. Other studies from other countries 
have reported an AKI incidence varying between 0.37% in 
Spain to 7% in China (14,15). 

Age is an important factor that predisposes to the 
development of AKI. In our cohort, the mean age of the 
patients who developed AKI was 68 years. Similarly, the 
median Cr Cl was 43 ml/min, reflecting the susceptibility 
of older individuals and those with CKD to renal injury. 
Age, pre-existing renal insufficiency and severity of CKD 
are risk factors for developing AKI (10,16,17). A number 
of meta-analyses have shown how AKI risk, ESRD and 
mortality are independently determined by severity of 
CKD (17,18).

Drugs were the cause of AKI in 13% of the cases, and 
87% of patients developed AKI due to other causes. An 
earlier report from Southern Saudi Arabia implicated 
drugs in 7% of all cases of AKI (19). In our cohort, NSAIDs 
were the most common drugs causing AKI, which is 
not surprising due to their extensive use and over-the-
counter availability (20,21). We have not individually 
studied other factors that typically cause AKI such as 
sepsis, administration of intravenous contrast agents and 
major surgery. It is well known that sepsis is a leading 
cause of AKI among patients admitted to the intensive 
care unit ,affecting > 50% of patients (22). Similarly, major 
surgery is associated with AKI. We previously found that 
AKI affected 29% of patients who underwent cardiac 
surgery at our institution (23). 

The group who developed DI AKI was younger than 
the NDI AKI group. The cause for this is not clear, and 
may be related to the fact that older individuals are more 
likely to have comorbidities that predispose them to AKI, 
as compared to the healthier and younger population. 
Similarly, the baseline Cr Cl of the DI AKI group was 
higher than that of the NDI AKI group; most likely 
reflecting the younger age of the DI AKI group. Recovery 
of renal function was poor as < 50% of the patients had 
full recovery and around 25% had no recovery. AKI is a 
known cause of CKD and multiple studies have shown 
that patients with AKI are at high risk of progression 
to advanced-stage CKD and death following hospital 
discharge. In a meta-analysis of 13 cohort studies 
comparing the risk of CKD, ESRD and death in patients 
with and without AKI, the pooled incidence of CKD 
and ESRD in patients with AKI was 25.8 and 8.6 per 100 
person-years, respectively (8). Patients with AKI had 
higher risks of developing CKD, ESRD and mortality than 
patients without AKI (8). 

Table 1 Characteristics of patients with drug induced and non-drug-induced acute kidney injury. 

Drug-induced AKI Non-drug-induced AKI P 
Number (%) 38 (13) 255 (87)

% Female 47 44
0.18% Male 53 56

Mean age (SD) (range), yr 63 (14.8) (21–87) 68 (14.5) (19–95) 0.02

Median Cr Cl (IQR) ml/min 53 (34–67) 42 (27–62 ) 0.049
AKI = acute kidney injury; Cr Cl = creatinine clearance; IQR = interquartile range; SD = standard deviation.
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This study had several limitations related to the 
retrospective nature of the design. First, we used ICD-
9-CM codes to ascertain the diagnosis of AKI. There is 
a potential for misclassification when administrative 
coding that depends on accurate documentation by 
healthcare professionals and hospital coders is used. 
Second, we did not look at other factors besides age 
and baseline renal function that predispose to the 
development of AKI. Third, we did not report the impact 
of AKI on length of hospital stay and there was no follow-

up to evaluate long-term outcome and mortality. Finally, 
there was no cost analysis to assess the financial impact 
of AKI.

Despite the limitations, this study sheds light on the 
magnitude of AKI in the hospital setting and should help 
to implement standards for prevention, early recognition, 
and intervention. Future research should focus on more-
accurate estimates of AKI and better describe the relative 
contribution of AKI to the utilization of healthcare 
resources in this region. 

إصابة الكلى الحادة داخل المستشفى
أحمد الخنيزي، مُنيفة الشمري

الخلاصة
الخلفية: يرتبط حدوث إصابة الكُلَى الحادة داخل المستشفيات بزيادة معدل الوفيات، ويترتب عليها آثار كبيرة على الصحة العامة.  وليس معروفاً 

تحديداً معدل حدوث إصابة الكُلى الحادة داخل المستشفيات في شرق المملكة العربية السعودية. 

الأهداف: هدفت الدراسة إلى تحديد معدل حدوث إصابة الكلى الحادة داخل المستشفيات في شرق المملكة العربية السعودية.

طرق البحث: أُجريت دراسة أترابية استرجاعية في واحدٍ من المراكز الصحية بأحد المستشفيات المجتمعية الكبرى في الفترة بين يوليو/ تموز 2015 
ويوليو/ تموز 2017. 

النتائج: بلغ مجموع المرضى الذين دخلوا المستشفى 26383 مريضاً، وشُخص 293 منهم )1.11%( بإصابة الكلى الحادة. وشُخصت حالة إصابة 
الكلى الحادة الناجمة عن الأدوية في 38 مريضاً )13 %(، بينما لم تُعْزَ إصابة الكلى الحادة لدى 255 مريضاً )87 %( إلى الأدوية. ولوحظ حدوث تعافٍ 

تامٍ لوظائف الكلى في 39% و44% في حالات إصابة الكلى الحادة الناجمة وغير الناجمة عن الأدوية، على التوالي.  

تامٍ  تعافٍ  المستشفيات. وقد لوحظ حدوث  الموجودين في  التي تحدث للمرضى  المضاعفات الخطيرة  الكُلى الحادة من  تُعتبر إصابة  الاستنتاجات: 
لوظائف الكلى لدى قليلٍ من المرضى. 

Insuffisance rénale aiguë en milieu hospitalier
Résumé
Contexte : L’insuffisance rénale aiguë (IRA) d’origine nosocomiale est associée à une mortalité accrue et ses 
conséquences en matière de santé publique sont importantes. L’incidence de l’IRA en milieu hospitalier dans l’est de 
l’Arabie saoudite n’est pas connue. 
Objectifs : Déterminer l’incidence de l’IRA en milieu hospitalier dans l’est de l’Arabie saoudite.
Méthodes : Il s’agissait d’une étude de cohorte rétrospective à centre unique qui a été menée dans un grand hôpital 
communautaire de juillet 2015 à juillet 2017. 
Résultats : Au total, 26 383 patients ont été hospitalisés et 293 (1,11 %) ont été diagnostiqués comme étant atteints d’une 
insuffisance rénale aiguë. Une IRA d’origine médicamenteuse a été diagnostiquée chez 38 patients (13 %) tandis que 
255 patients (87 %) ont développé une IRA qui n’a pas été attribuée à la prise de médicaments. Le rétablissement complet 
de la fonction rénale a été observé chez 39 % et 44 % des patients souffrant d’une IRA d’origine médicamenteuse ou non 
médicamenteuse, respectivement. 
Conclusions : L’IRA est une complication grave chez les patients hospitalisés. Le rétablissement complet de la fonction 
rénale a été observé chez une minorité de patients. 
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